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TECHNICAL NOTE D-1572 

AN EVALUATION OF DETAIL WIND DATA AS MEASURED BY THE 

FPS - i 6 RADAFt/SPHERICAL BALLOON TECHNIQUE 

BY 

James R. Scoggins 

SUMMARY 

This report  presents and evaluates a method for measuring detail winds at high 
altitudes with an accuracy several times better than any current operational all 
weather system. 
spherical balloon with the FPS-16 radar ,  and subsequent data reduction and analysis 
to obtain wind data. 

The method presented herein consists of tracking an aluminized 

Two techniques for reducing tracking data to obtain wind data are presented. 
These consist of statistical and polynomial approaches for eliminating measurement 
e r r o r s  in the tracking data. It is shown that average wind speeds over 50 - meter 

- altitude intervals can be measured with a maximum RMS e r r o r  of about 0. 8 m/sec at 
altitudes where maximum wind speeds normally occur ( -  12 km at Cape Canaveral) , 
and a maximum RMS shear e r r o r  over 50 meters of 0.023 sec-1. 

Computer programs for data reduction were developed and are presented in 
outline form. A sample of data employing the polynomial smoothing technique is 
presented for illustration purposes, and to demonstrate the capability of the system. 

SECTION I. INTRODUCTION 

Measurements of wind have been made on a routine basis for many years. Con- 
tinuous measurements near the ground are made with fixed anemometers, while high 
altitude measurements are made at some time interval, usually 12 hours apart. Detail 
and accurate wind measurements at altitudes above ground based instruments have been 
a subject of much interest for use in spacecraft design and performance studies. 



Present operational measuring techniques provide methods for obtaining mean wind 
speeds averaged both in space and in time. These methods smooth out the small scale 
variations which are of importance in spacecraft design and performance analyses. 
The rawinsonde unit currently in use (ref. I) on a routine basis to measure upper level 
winds does not provide measurements with either the accuracy o r  detail needed in this 
work. Measurements a r e  needed with an altitude resolution of perhaps 50 meters or  
less and wind speed accuracy of about 1 m/sec or  less. 

The purpose of this report is to present an e r r o r  analysis and data reduction 
scheme for  the FPS-I6 radar/spherical balloon technique, and to demonstrate the 
capability of the system for measuring Mnds and wind shears. 

Numerous people contributed to the preparation of this report. Those making 
notable contributions were: Dr. Bruns of the Launch Operations Directorate who 
assisted in developing data reduction techniques; Mr .  Robert Fallon of the Computation 
Division who made numerous suggestions regarding data reduction procedures; M r .  J. 
Sanderlin of the Astrionics Division who was most helpful in establishing e r r o r s  in 
radar tracking data; and Messrs. W. W. Vaughan and D. W. Camp of the Aeroballistics 
Division who participated in numerous discussions and made many helpful suggestions. 

SECTION 11. DATA REDUCTION TECHNIQUES 

A. PROCEDURE FOR EDITING TRACKING DATA TAPES 

Position coordinates measured by the radar ( range, azimuth, and elevation) 
when tracking a spherical balloon normally indicate a gradual trend with superimposed 
high frequency-low amplitude oscillations representing random e r r o r s  inherent in the 
system. Occasionally, values are recorded which a r e  not accounted for by trend nor 
random error .  
and shears. 
developed for the IBM 7090 computer as follows: 

These ffs t rayfr  values should be eliminated before computing wind speeds 
A very simple "stray value" rejection technique was devised and a program 

Observed values of r ,  8 ,  and are fitted to a 9-point, first degree equation by 
the method of least squares. Sampling rate of tracking data is 0. I seconds. If the 
residual at the mid-point of the 9-point interval is greater than three times the assumed 
RMS error ,  the point is replaced by the average value over the interval. In order to 
prevent including stray points in the computation of the mean, the next point immedi- 
ately following the 9 points used in the curve fit is compared with the 9-point mean, and 
if  the difference is five times greater t h a  the assumed RMS e r r o r ,  the point is re- 
jected and replaced by the mean. 
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More elaborate techniques could be developed for editing raw data tapes. How- 
ever,  this simple technique appears adequate and requires very little computer time. 

B. STATISTICAL TECHNIQUE FOR ERROR EVALUATION 

If F is a function of X, Y, and Z,  and if  they are in e r r o r  by AX, AY, and 
AZ, then F will be in e r r o r  by some amount A F  which is given by the Taylor's series 
as (ref. 2 ) 

where: 

a F  F = -  x ax 

This equation is valid only i f  AX, AY, and AZ are small compared with Fx, Fy, and 
Fz. In its derivation, it was assumed that all terms involving squares , higher powers , 
and cross-products of AX, AY, and AZ. are negligible, and that higher derivatives are 
small in value. These assumptions are valid in determining the accuracy of FPS-16 
radar  tracking data as will be pointed out later. Squaring both sides of equation i 

-gives: 

2 2 2 2 
A F  = (FxAX) + ( F y A Y )  + ( F z A Z )  

+ 2 F  F AXAY + 2 F  F A X A Z  t 2FyFzAYAZ + . . . 
X Y  x z  

Replacing each term in equation 2 by its average value 

+ 2 ( F F o a r  + F F a o r  + F F a a r  
X Y X Y X Y  x z x z x z  Y Z Y Z Y Z  

where 
variables. Assuming e r r o r s  in X, Y, and Z are independent, equation 3 reduces to 

denotes standard deviation, and r is the correlation between the subscripted 

u 2 = (F 0 ) 2 + (FyUy) 2 i- (FzUz) 2 
F x x  (4) 

This equation expresses the standard deviation of the e r r o r  in the function in terms of 
the standard deviation of the errors in the variables X,  Y, and Z. The relation between 

Y 



2 
F 

the variance of the mean er ror  in the function, u-, and the variance of the function, 

where n is the number of independent observations used in determining F. 

The RMS sum or  difference, us o r  Ud, between two measurements that have an 
RMS of cri and u2 is given by 

2 2 2 
2 '  

or ad = al+ (3 
2 

O s  
( 6 )  

The above equations will  be employed in Section 111 to evaluate accuracies in position 
coordinates, winds, and wind shears as measured by the FPS-16 radar/spherical 
balloon technique. 

C .  POLYNOMIAL SMOOTHING TECHNIQUE FOR ERROR EVALUATION 

A representative value of a variable that shows a systematic variation with 
random variations superimposed may be obtained by polynomial curve fitting proce- 
dures. A polynomial of some suitable degree can be obtained which would represent 
the systematic variations with the residuals representing the random variations. 
technique can be applied i f  it is possible to distinguish, at least statistically, between 
the systematic and random variations. 
data have been established (See Section 111). 
in reducing the data. 

This 

Random variations in FPS-I 6 radar tracking 
Therefore, this technique may be applied 

The first step is to compute the RMS residuals in the position coordinates from 
the RMS e r r o r s  in tracking data (azimuth, elevation, and range) using equation 4. 
Next, a polynomial is fitted by the least squares method that has residuals equal to o r  
less than those computed. The mid-point of the polynomial is the representative value 
of the coordinate to use for the interval over which the polynomial was determined. 
The RMS e r r o r  of this point as calculated from a first degree polynomial is ox2/N, 
which is the same as the RMS e r r o r  obtained by the statistical approach presented in 
paragraph B above. The RMS e r r o r  of the mid-point of higher degree polynomials is 
somewhat larger. For a second degree it is given by 

E r r o r s  for 
2 3 2 4 

N (1 - h2/ 2 p4) , where is CX /N and p is CX4/N. 

higher degrees will not be presented since a first degree polynomial is usually suffi- 
cient. 

4 



SECTION m. ACCURACIES OF FPS-I6 MEASUREMENTS USING 
STATISTICAL REDUCTION TECHNIQUE 

A. ACCURACY O F  POSITION COORDINATES 

The radar  is used to measure azimuth, range, and elevation of the balloon 
at fixed intervals of time. E r ro r s  in these measured parameters cause e r r o r s  in the 
wind data. It i s ,  therefore, necessary to establish the accuracy of these measure- 
ments in order to determine accuracy of the wind data. 
cannot be established any more accurately than e r rors  in the tracking data. 

E r ro r s  in the computed winds 

It is difficult to establish accuracies for radar measurements because of the 
intricate features of the system and the dependence of one par t  of the system on another. 
Theoretical accuracies quoted by the manufacturer are hard to attain in practice. It is 
probably better to determine the accuracy of each set independently from experimental 
data when possible. 

Levition (ref. 3)  assumes an RMS accuracy of I yard in slant range, and 0.005' 
in azimuth and elevation angles. Sanderlin* and others believe that an RMS accuracy 
of 5 yards in slant range, and 0.01" in azimuth and elevation is more reasonable. 
Bruns* stated that these latter values agree well  with experimental data. 
values will be assumed in this report. A technique for estimating e r r o r s  in the 
angular measurements from tracking data will be presented later. 

These latter 

Spherical coordinates are related to rectangular coordinates by the following 
equations 

X = r cos 8 cos (P - 90') (Positive East) (7j 

Y = r sin 8 (Positive Vertical) ( 8 )  

Z = r cos 8 cos P (Positive North) 

r = slant range (yds) 
where: 

8 = elevation angle (deg) 

P = azimuth angle (deg) 

Erro r s  in the coordinates X,  Y, and Z ,  which result from e r r o r s  in r ,  8 ,  and a,  may 

*See ACKNOWLEDGEMENTS, page 2 
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be evaluated by use of equation 4. 
8,  and 
parameter a r e  normally distributed. 
azimuth and elevation are equal in magnitude and have the same statistical distribution. 
Again, according to Sanderlin and Bruns these assumptions are valid. 
equations 7-9 partially with respect to r , 8 , and + , then from equation 4: 

The assumptions are made here that e r r o r s  in r ,  
a r e  independent of each other, i. e. , not correlated, and that e r r o r s  in each 

Further,  i t  will be assumed that e r r o r s  in 

Differentiating 

Assuming u = (T = u these equations become e Q p’ 

ux2 = (or cos 8 sin $1 (sin 8 sin 4) 2 + (cos 8 cos @) 

2 
ay = (a, sin el2 + ( r o  cos (unchanged) (14) 0 

2 - (Dr cos 8 cos m ) 2  + r a (sin 8 cos @) + (cos 8 sin (6) - 2 
OZ 

These equations show that e r r o r s  in X and Z are a function of all three measured 
parameters 8,  r ,  and +, and their associated e r r o r s ,  and that Y is a function of only 
two of the measured parameters,  r and 8,  and their associated e r rors .  The f i rs t  term 
in each of the equations is small in comparison to the other terms except for relatively 
small r. Therefore, when the slant range is large enough (about 50 km) to make the 
first term small, e r ro r s  in the position coordinates a r e  determined primarily by 
e r r o r s  in the angular measurements. 

A technique will now be presented for estimating e r r o r s  in the angular measure- 
ments experimentally from tracking data. 
nates, and e r ro r s  in the position coordinates, for a particular measurement. 
following relationships may be obtained from FIGURE 1: 

FIGURE i illustrates the position coordi- 
The 

2 2  
= d + (Ar)2 = (AX)’ + ( A Y ) 2  $. (AZ)2 c 

d = ra (assuming sin U = U) 
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Rearranging and substituting 

As pointed out above, e r r o r s  in the position coordinates are determined primarily by 
e r r o r s  in the angular measurements (azimuth and elevation) where r is large. 
this reason, any reasonable- assumption regarding the RMS e r r o r  for large slant 
ranges is acceptable. 
used here. E r r o r s  in the angular measurements are determined using equations 4, 7- 
9, and 16. Values of AX, AY, and AZ are computed from equations 4, and 7-9; Q! 

from the above relationships; and r is obtained from tracking data. Initially, it is 
assumed that A@ = 0.01 degrees. The e r r o r  in slant range may be computed from 
equation 16 for a large number of points. 
with the assumed RMS value of 4 . 5  meters. If the computed RMS value does not 
agree with the assumed RMS value, then the errors in azimuth and elevation (Ap) must 
be increased o r  decreased by some amount and the computation repeated. Approxi- 
mate e r r o r s  in the azimuth and elevation angles will be obtained when the computed 
and assumed RMS values of A r  agree. E r r o r s  in the angular measurements were  
evaluated by this technique for several runs. 
degrees which agree with the value quoted by Sanderlin and Bruns. 

For 

The previously assumed value of 15 feet (4. 5 meters) will be 

The RMS of these values is then compared 

Values obtained w e r e  very close to 0. 01 

The RMS e r r o r s  in the position coordinates, given by equations 13-15, are pre- 
sented graphically in FIGURES 2-4. It was assumed that + = go", U r =  15 feet ( 4. 5 me- 
ters) , UP = a~ = U+ = 0. Ol", while 6 assumed various values between 0 and 90 degrees. 
The assumption that 9 r 90" implies the condition that the balloon travels from west to 
east at every point as the balloon rises. This assumption is realistic since the wind 
generally blows from w e s t  to east during winter when the wind speeds a r e  highest. 
Moreover, because of this assumption, the magnitude of the e r r o r s  in the position co- 
ordinates will never exceed the maximum values given in FIGURES 2-4. As shown in 
these Figures , e r r o r s  in Z and Y increase as the elevation angle decreases , while the 
e r r o r  in X increases as the elevation angle increases. An inspection of equations 13-15 
reveals that this is a special case which is the result of assuming 9 = 90". Therefore, 
these graphs are for instructional purposes only, and cannot be used, in general, to 
evaluate tracking data. For example, when @ = 0" , the curves would be reversed with 
the maximum e r r o r s  occuring when 8 = 0 degrees instead of when 8 = 90 degrees as in 
the figures. E r r o r s  in Y will always vary with range and elevation as shown in FIGURE 
3 ,  since it is independent of 9. 

Accuracy of the position coordinates can be improved by use of equation 5. This 
equation shows that, if a parameter is averaged over some interval, the standard 
deviation of the average value of the parameter is c s m a l l e r  than the standard devia- 
tion of the parameter before averaging. It is assumed that the n observations are in- 

variations were  eliminated, and the time interval was  found to vary between approxi- 
mately 0 .1  and I. 0 seconds (usually between 0.1 and 0 .2  seconds), 

. dependent. The time interval between independent measurements, after systematic 
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depending upon the wind direction and speed relative to the radar. 
balloon used for wind measurements at Cape Canaveral rises at about 8 m/sec. At  
this r ise rate,  it takes the balloon about 3 seconds to rise a distance of 25 meters. 
During this time the radar makes approximately 30 measurements of the position of 
the balloon. Assuming these a r e  independent, then according to equation 5, the 
standard deviation of the e r r o r s  in the position coordinates when aTreraged over 25- 
meter altitude layers is approximately 5 times smaller than the standard deviations 
given by equations 13-15 . When averaging over 50-meter altitude intervals, which is 
equivalent to approximately 6 seconds in time, the number of independent observations 
is 60 and the standard deviation of the averaged position coordinates is about 7.7 times 
smaller than the standard deviations given by equations 13-15. RMS e r r o r s  in the 
position coordinates averaged over 25 - and 50 - meter altitude intervals are also 
presented in FIGURES 2-4. 
accuracy of the position coordinates as a result of averaging. 

The spherical 

A comparison of the curves show the increase in the RMS 

B. ACCURACY OF MEASURED WIND SPEEDS 

Accuracy of the measured wind speeds in obviously determined by the 
accuracy of the position coordinates. The accuracy of the position coordinates pre- 
sented in FIGURES 2-4 a r e  expressed as RMS values and, therefore, equation 6 can 
be employed to determine the RMS accuracy of the measured wind speeds. 
form, the RMS accuracy in wind speeds, ow, is given by. 

In equation 

where At is the time interval between the two measurements. RMS e r r o r s  in the com- 
ponent wind speeds, obtained from the RMS tracking e r r o r s  averaged over 25 - and 
50 - meter altitude intervals presented in FIGURES 2 and 4, are presented as function 
of slant range in FIGURES 5 and 6. 
speed found by combining ow and ow as in equation 17. These curves represent the 

maximum e r r o r  for the given elevation and range, but may be smaller for different 
azimuth angles. 

FIGURE 7 presents RMS e r r o r s  in total wind 

X Z 

Accuracy of the measured wind speeds as a function of altitude is determined by 
the mean wind speed (this essentially controls the slant range and elevation) , and the 
direction of the wind relative to the radar. 
speeds may o r  may not have the same accuracy. Assuming a wind blowing from the 
wes t  with an average speed between the ground and 12 km (maximum wind altitude) 
of 40 m/sec, the slant range would be 69 km. Maximum e r r o r s  in wind speeds at this 
slant range taken from FIGURES 5-7 are: ow = 0 .8  m/sec averaged over 50 

meters,  and 1. 5 m/sec averaged over 25 meters; ow = ii. 15 m/sec averaged over 50 

Therefore, successive measured wind 

= ow 
X Z 
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meters and 2. I m/sec averaged over 25 meters. These RMS e r r o r s  will seldom be 
exceeded at 12 km since the assumed 40 m/sec mean wind speed from the ground to 
this altitude represents a near extreme condition. The elevation angle in this case 
would be about 10 degrees. 

C. ACCURACY OF MEASURED WIND SHEARS 

Wind Shear S is defined as 

(Y2 ' Yl) 
w2 - w1 

y2 - yi 
S =  (18) 

2 where: W is the wind speed at  altitude Y 2 

I' Wl is the wind speed at  altitude Y 

From this definition, i t  is obvious that wind shear is a function of four variables 
RMS e r r o r s  in all of these variables have been determined above. Therefore, e r r o r s  
in wind shear which result from e r r o r s  in the four variables may be determined. Using 
equation 4 extended to four variables, the RMS accuracy in wind shear us is given by: 

- where: 

I - -  - i 
aw2 y 2 - y I  AY 

- a s  - -  

a s  I 1 

as 'w2- wl' AW 

2 

+ rwuy'I2 w 

2 

1 

= RMS accuracy of the wind speed as given by equation 17 at altitude Y 

= RMS accuracy of the wind speed as given by equation 17 at altitude Y 

Ow2 
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and uy = RMS accuracy of altitudes Y2 and Y i  as given by equation 14. 

The magnitudes of the last two terms in equation 19  are small  as compared with the 
first two terms even for small AY, and become negligible for large AY. Under ex- 
pected extreme conditions of wind shear over an altitude interval of 50 meters ,  the 
las t  two terms will contribute only about 1 percent to the shear  e r ror .  Therefore, 
for  purposes of graphical representation of e r r o r s  in wind shears ,  the last two te rms  
will be omitted. RMS e r r o r s  in the component wind shears ,  which result from the 
RMS tracking e r r o r s  presented in FIGURES 2 and 4, are presented in FIGURES 8 and 
9. RMS e r r o r s  in the vector wind shear a r e  presented in FIGURE 10. These were 
computed using equation 6 and the component shears  presented in FIGURES 8 and 9. 

ayl 2 

Errors  in wind shears at 1 2  km altitude, assuming a 40 m/sec mean wind speed 
from the surface to 12  km altitude (slant range = 69 km) as was assumed in paragraph 

= 0 . 0 2 3  sec-l averaged over 50 meters ,  and 0.084 sec-1 - 
B above, are: “SX - USZ 

averaged over 25  meters ;  us 

averaged over 2 5  meters. 
at this slant range, and will be smaller for different azimuth and elevation angles. 

= 0 .032  sec-1 averaged over 50 meters ,  and 0 . 1 1 5  sec-’ 

These RMS e r r o r s  represent the maximum which can occur 
V 

SECTION IV. COMPUTER PROGRAMS FOR REDUCING DATA 

A. POLYNOMIAL SMOOTHING TECHNIQUE 

1. Convert range from yards to meters ,  and azimuth and elevation from 
degrees to radians using 0 . 1  second daG points. 

2. Compute X,  Y ,  and Z for each point: 

X = r cos 8 cos ( rh  - 9) 
Y = r sin 0 (Positive Vertical) 

Z = r cos 0 cos 19 (Positive North) 

(Positive East) 

3. Correct position coordinates X ,  Y,  and Z for earth’s curvature: 

- -1 x Xc - ro tan 
ro + Y 

10 



zC = ro tan -1 ['! 3 
X + (Y + ro) 

ro = 6 ,373 ,334  meters = radius of earth at  Cape Canaveral 

4. Compute RMS Errors  in X, Y, and Z as follows: 

- 2  - 
sin jj s in  + (cos e cos CP) 

2 - 2  -2 
(AX) = (Ar cos F) s in  i s )  + r (AB) 

- 2  - 2  (AY12 = (Ar s in 0)  + (TAB COS 8) 

2 - 2  -2 - 2  (m) = (Ar cos cos #) + r ( A B ) 2  s in  cos e) + (cos 5 s in  9) 

where the bar over a parameter denotes an average over the smoothing interval 
- (minimum of 25 meters with 50 meters recommended). 

5. Determine altitude and corresponding time for 25 - meter intervals as 
- follows: 

a. Find the first YC which is greater than the desired altitude. 

b. Use this Y c  as  the mid-point of a 41-point (81-point for 50-meter 
interval) least  squares curve fit. Start with a first degree and increase to a maximum 
of 9th degree polynomial until the RMS of the residuals obtained from the curve f i t  is 
equal to or less than the computed values. If this condition never exists, use the 
polynomial with the smallest RMS residuals. 

c. Determine desired Y from polynomial 

d. Repeat a ,  b, and c ,  for X c  and Z c .  

e. Interpolate linearly between times corresponding to altitudes below 
and above Y to obtain time corresponding to Y. 

I1  



6 .  Compute component wind speeds 2, and i n ,  the scalar wind speed V,, 
and the vertical velocity of the balloon H, using the following equations: 

Associate wind speeds with mid-point of interval. 

7. Compute direction from which wind is b ~ w i n g ,  !Pn, as follows: 

Jrn = tan-' 
i 

-+ quadrant correct ion 
ill 

The quadrant correction is determined from the signs of Xn and Zn as follows: 

360 - \kn 

$Pn + 180 

180 - !Pn 

*n 

8. Compute shears as follows: 

-1 
(see ) 

- xn - xn-i 
'X25 - 25 
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z -  
- n zn - i  

‘225 - 25 

- xn+i - xn-i 
‘X50 - 50 

- z  
- ‘n+i n-i 

‘250 - 50 

- - sxloo i 00 

z -z 
- n+2 n-2 - szloo 100 ~~ 

- - xn+4 - xn-4 
sx200 200 

- - 
sz200 200 

x -  - - n+6 xn-6 
‘X300 300 

z -z 
- n+6 n-6 - 

‘Z300 300 

-1 
(sec ) 

-1 
(sec 1 

-1 
(sec ) 

-1 
(sec ) 

(sec ) 
-1 

-1 
(sec ) 

-1 
(sec 1 

-1 
) ’ (sec ) 

’ (sec ) 

2 - 
‘V25 - (‘X25 + ‘Z 25 

-1 2 - 
‘V50 - (‘X50 + ‘Z50) 

2 2 %  -1 
- + Szloo) (sec 1 

v i 0 0  - (sxloo 

) 4 (sec ) sv200 - @x200+ sz200 

S 

-1 2 2 - 

-1 4 (sec ) 
2 2 - 

‘V300 - (‘X300 + ‘Z300 
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Subscripts refer to a component o r  vector, and the altitude interval over which shears  
are computed. For example, S 
over a 25-meter altitude i n t e r ~ 5 2 ~ A s s o c i a t e  25-meter shears  with wind speeds at top 
of layer; all other shears  with wind speeds at mid-point of layer. Shears are positive 
if  absolute magnitude of wind speed increases with height. 

represents the x-component of wind shear  measured 

9. Compute e r r o r s  in component wind speeds by: 

where: (T 

top of shear layer, and i to bottom of shear layer. 
and aZ a re  RMS residuals obtained from curve fit.  Subscript 2 refers to 

io.  Compute e r r o r s  in wind shears  by: 

where: Subscripts i and 2 refer to the bottom and top of shear layer,  respectively. 

ii. Output may consist of the following three files o r  any combination: 
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a. Altitude, Wx, Wz, V,  H ,  sx257 Sz25y Sx50y SzSo7 Sxloo7 

b. Altitude, (T (T c T ( T  , ( T  Y U  Y O  , ( T  

‘Z25 ‘X50 ’Z50 sXIOOy wx’ wz’ v’ SXZ5 

c. Time, X, Y, Z, SGX, SGY, SGZ, AX, AY, AZ, NX, Ny7 NZ 

where: 

SGY, SGX, SGZ are residuals obtained from curve fits. AX, AY, 
N are the degrees of Nx’ NY’ z and AZ are computed RMS e r r o r s  in X, Y, and Z. 

the polynomials used in smoothing the ‘position coordinates. 

B. STATISTICAL TECHNIQUE 

The basic difference in the statistical and polynomial smoothing techniques 

Therefore, paragraph A. 5 of Section IV will change. When 
for reducing tracking data, is the way in which random e r ro r  is eliminated from the 
position coordinates. 
employing statistical smoothing this paragraph becomes: 

5. Determine altitude Y, and corresponding time for 25 - meter altitude 
intervals as follows: 

a. Compute equally weighted running means of corrected position co- 
Yc7 and Z using 81 data points (smoothing altitude interval is 50 

C Y  ordinates S 
meters , wig’ intervals overlapping). 

b. Linearly interpolate X, Y, and Z found in paragraph a, and corres- 
ponding time for 25 - meter intervals. 

The only other modifications and/or changes necessary are to use errors in 
position coordinates computed in paragraph A. 4, Section IV, in computing wind and 
wind shear e r r o r s  in paragraphs A. 9 and A. 10, Section IV, and to eliminate SGX, SGY, 

and N as par t  of the output in paragraph A. 11. c ,  Section IV. 
SGZ, NX, Ny, Z 

C. EXAMPLE OF REDUCED DATA 

A sample of reduced data employing the polynomial smoothing technique 
described in paragraph A above is presented in Tables I, II, and El. The position co- 
ordinates were smoothed using 41 points (ap roximately 25 - meter altitude intervals) 
in the curve fit procedure. Symbols used in t R ese tables are defined in paragraph Aabove 
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SECTION V. COMMENTS 

Wind data measured by the FPS- 16 Radar/Spherical Balloon Technique is 
several times more accurate for wind speeds and altitude resolution than rawinsonde 
measured winds. This is based on the conservative assumption of radar tracking e r r o r s  
in slant range of 4. 5 meters,  and 0.01" in azimuth and elevation. 
data will be valuable for turbulence studies and as an input for establishing spacecraft 
design criteria. Also, the system has considerable use for real time prelaunch 
monitorship. 
balloon rises,  with the aid of a modest size electronic computer, and displayed at the 
launch complex, o r  elsewhere as desired. 

These improved 

Tracking data can be processed to obtain wind speeds and shears,  as the 

The techniques presented herein for reducing tracking data do not account for 
e r r o r s  due to boresite, automatic gain control, index of refraction, nor the inability 
of the sphere to respond perfectly to very small scale variations in wind. With the 
exception of the last point, these e r r o r s  are small in comparison to e r r o r s  in the 
tracking data (azimuth, elevation, and range). 
cedure employed to obtain wind data, bias e r r o r s  due to these sources will be reduced. 
However, these e r r o r s  will be investigated more thoroughly. Also, e r r o r s  in the 
radar tracking data should be established more accurately if  possible. This will be the 
subject of a future investigation. 

Because of the finite difference pro- 

An examination of equations 13-15 show that the accuracy of wind data can be 
improved by releasing the sphere at a location where ax, cy, and CJZ are minimized. 
Releasing the sphere upwind will decrease the slant range which, in turn, will decrease 
e r r o r s  in X,  Y,  and Z .  Also, a release point may be chosen that will minimize the 

and (T on r ,  6 ,  and a,  the influence of 8 and @. 
accuracy of wind measurements will vary with altitude, wind direction, mean wind 
speed, and the release point of the sphere. Therefore, for optimum conditions, highly 
accurate measurements of wind a r e  possible. 

. 

Z Because of the dependence of CJ x' OY, 

Marshall Space Flight Center and the Air Force Cambridge Research Center 
are jointly engaged in a developmental program which will lead to the optimizaiion of 
the spherical balloon for  use in detail wind profile measurements employing the FPS-16 
radar. This work is expected to provide standardized specifications for spherical 
balloon procurements. In addition, efforts are currently underway by NASA/MSFC 
and the Launch Operations Center (LOC) , in cooperation with the Atlantic Miss i le  
Range (AMR: , to procure and establish an operational FP S-16 radar/spherical balloon 
facility for collection of detail wind data for design studies, prelaunch monitorship, and 
post flight evaluation of spacecraft. Until this system becomes available, a limited 
measurement program will continue as set forth in AFMTC Operational Directive 098, 
Annex ffE1f (ref. 4). 
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